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INTRODUCTION 
It  is  recognized  that  the  surface  of  a cell  may be  covered  with  one  or  more ex- 
traneous coats in addition to the plasma membrane.  Certain of these layers 
in marine egg cells are variously called vitelline membrane, chorion, jelly hull, 
etc.  (Chambers,  1940).  Since certain ova can develop after removal of these 
extraneous layers (including the vitelline membrane), it is clear that the con- 
trol of cell permeability lies in the much thinner, and invisible, plasma mem- 
brane (or protoplasmic egg surface).  So called naked cells are those covered 
only by the plasma membrane.  It is obviously of importance to know the 
relation of the plasma membrane to the other cortical structures of the cell. 
Lillie (1911) described  a cortical layer of the unfertilized Nerds egg as consisting  of 
alveoli with homogeneous contents, the alveolar walls being continuous internally with 
the egg protoplasm, and uniting externally to form a protoplasmic layer (plasma mem- 
brane) applied to the vitelline membrane (Fig.  1A).  This cortical layer is about 7 
microns thick in an egg of 140 microns diameter.  With the release, at fertilization, of 
the alveolar contents to form the external jelly layer, the alveolar walls  remain as 
delicate strands of protoplasm uniting the viteUine membrane to the surface of the 
egg, and the contracted alveoli of the cortical layer constitute the perivitelline space 
(Fig.  1 A').  Lillie does not state whether these protoplasmic strands traversing the 
perivitelline space are eventually retracted into the egg substance across the peri- 
vitelline space.  Presumably some permanent protoplasmic connections  must persist 
between the plasma membrane and the body of the egg protoplasm.  On the basis of 
his  observations,  LiUie regarded  the  perivitelline  space as  i~rao~alar  (i.e.,  intra- 
cytoplasmic),  with  a  delicate  external  cytoplasmic wall  (the  plasma  membrane) 
lining the vitelline membrane.  Because of its position, he considered the plasma mem- 
brane comparable in some respects to the fertilization membrane of the echinoderms~ 
Chambers (1933) offered an alternative interpretation of the cortical structure of 
the unfertilized  Nerds egg.  He suggested  that the jelly precursor, instead of being 
intraovular, is extraprotoplasmic and lies between numerous protoplasmic processes 
or strands which extend from the egg surface to the enveloping vitelline membrane 
(Fig. 1 B).  The spermatozoon, according to Chambers, becomes attached at fertiliza- 
tion to one or several of these protoplasmic strands.  As the jelly is  extruded  the 
strands persist, broaden, and coalesce to form the sperm entrance cone.  A flow of 
cytoplasm enlarges  this cone,  but the sperm head does not enter through the mere- 
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brane until about 45 minutes after contact.  When the sperm entrance cone begins to 
withdraw into the egg there is  an accompanying withdrawal  of all cytoplasmic ex- 
tensions  lying across the perivitelline  space.  The egg surface  (plasma membrane) 
then  becomes  evenly  contoured,  leaving  a  perivitelline  space  between  it  and 'the 
viteiline membrane (Fig. 1 Br).  Chambers considers the protoplasmic strands of the 
unfertilized egg to be more numerous than those of the fertilized egg before retraction 
of the strands has taken place. 
Novikoff (1939)  reinvestigated  the surface changes at  fertilization  of the Nereis 
egg.  He describes  the layer of cortical jelly precursor granules as a  homogeneous 
intraovular layer without alveolar walls,  which he considers to be an optical illusion. 
He failed to find any definite protoplasmic filaments in the unfertilized Nerels egg but 
describes the behavior of the hyaline protoplasmic filaments which appear following 
vV~  ~rtv~  ~ v/-~  \% ,, 
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FIG. 1.  Sectors of the cortex of the/Vere/s egg before (A, B, C) and after fertilization 
(A', B', C') according to Lillie (A-A'), Chambers (B-B'), and Novikoff (C-C'). 
Explanation of symbols: CA, cortical alveoli of jelly precursor granules; P, plasma 
membrane; PS, protoplasmic strands; PS  p, points of origin of protoplasmic strands; 
RS,  retracting protoplasmic strands;  S,  perivitelline  space;  V, vitelllne  membrane; 
Y, yolk spheres.  In A' the walls  of the empty alveoli represent  the protoplasmic 
strands.  In C the plasma membrane is represented as it is beginning to separate from 
the vitelline membrane immediately following activation of the egg.  The points of 
attachment of the plasma membrane to the vitelline membrane which (according to 
Novikoff) account for the origin of the protoplasmic strands,  are apparent  at  this 
time. 
insemination.  These filaments, according to Novikoff, are hyaline strands formed at 
points where the cortical protoplasm adheres to the vitelline membrane as the latter is 
separated from the egg surface (Fig. 1 C).  These filaments eventually are withdrawn 
as the egg assumes an even contour during the period of egg movements described by 
Lillie (1912) and by Hoadley (1934).  Novikoff conceives of the protoplasmic strands 
of the fertilized egg, not as the walls of emptied alveoli, as LiUie suggested, but as the 
deeply  indented  surface of the  protoplasm  (Fig.  1 C~).  To  ascertain  whether  the 
jelly precursor of the  unfertilized/Yereis  egg is  intraovular  (as  Lillle  believed)  or 
extraprotoplasmic (as Chambers suggested), Novikoff performed the following experi- 
ments.  When unfertilized eggs are placed in isotonic NaCI at pH 9.6,1 the vitelline 
membrane swells  from the egg surface and, with gentle agitation  of the container, 
breaks at one point and the "naked" egg rolls out.  Novikoff observed no jelly on the 
surface of such denuded eggs, when tested by examination in a Chinese ink suspension 
1 It has been pointed out elsewhere  (Costello, 1945) that this solution probably had 
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and by rolling several eggs together into intimate contact.  He observed no change in 
the structure of the cortical layer of the eggs that survive the alkaline NaC1 treatment. 
From these observations he concluded that the jelly must be intraovular since an ex- 
udation of jelly is to be expected upon removal of the vitelline membrane if the jelly 
precursor granules are lying packed between the plasma membrane  and the vitelline 
membrane.  When sperm were added to the denuded Nereis eggs, Novikoff observed 
Fig. 2.  Unfertilized egg of Nere/s placed in Mkaline sodium chloride to which Hig- 
gins India ink has been added to indicate presence or absence of jelly.  A, 2 minutes 
after treatment; B, about 20 minutes after treatment; C, 24 minutes after treatment; 
D, 25 minutes after treatment; E, empty double membrane after escape of ovum.  In 
A, germinal vesicle as well as oil droplets  is visible.  In B, C, and D, the germinal 
vesicle is no longer visible.  This indicates egg activation. 
Explanation of symbols:  CA, cortical "alveolar" layer; J, jelly; N, germinal vesicle; 
P, plasma membrane; S, jelly-filled perivitelline space; V, vitelline membrane (double, 
consisting of thin outer and thick inner components). 
jelly extrusion by these eggs, without sign of visible filaments, and concluded that con- 
tact between egg and vitelline membrane  is essential for filament production. 
However,  Novikoff's  observations  are incomplete,  and the evidence is erroneous 
on which he bases his conclusion (which appears to be correct) that the jelly precursor 
granules are intraovular. 
The present reinvestigation of the effects of alkaline NaC1 (pH  10.3-10.5) 
indicates, in brief summary, the following:  (1) The lifting of the vitelline mem- 
brane from the surface of the unfertilized egg of Nereis  by alkaline  sodium 
chloride is due to the swelling of jelly under this membrane (Fig. 2 A-D), as 354  ~EMB~ANES  AND JELLY OF NEREIS  EGG 
has been briefly described by Costello and Young (1939 a, b) and by Costello 
(1945).  (2) After the denuded egg has rolled free of the membrane, jelly can 
be demonstrated in the empty membrane by means of India ink (Fig.  2 E) 
or Chinese ink, or by hand-controlled micro needles.  (3) .Jelly can be demon- 
strated also around the denuded egg as it escapes from the membrane (Fig. 2 D), 
but this jelly gradually dissolves as the egg remains in the alkaline sodium 
chloride.  !4) The cortex of an unfertilized egg from which the vitelline mem- 
brane has been removed by alkaline sodium chloride treatment is, in some cases, 
thinner than that of a normal, untreated, non-fertilized egg.  In the majority 
of these eggs the cortex has disappeared entirely and the germinal vesicle has 
ruptured by the time the egg is free of its membrane (Fig. 2 B-D).  (5) Some 
eggs do not survive the treatment with alkaline sodium chloride.  These are 
eggs in which the cortex violently releases all the jelly stored in the jelly pre- 
cursor granules, and in which the plasma membrane is apparently destroyed. 
(6) A large proportion of the more intact, denuded, unfertilized eggs, when re- 
turned to sea water, slowly release their remaining jelly, and proceed to partial 
development at  the  slow  tempo  characteristic  of parthenogenesis.  Adding 
sperm to intact, denuded, unfertilized eggs does not increase the percentage 
showing jelly extrusion, nor change the tempo of development.  If a  sperm 
suspension is added to denuded eggs from which the clear, transparent jelly is 
being extruded, the sperm will clearly outline the practically invisible jelly by 
accumulating at its periphery.  (7)  Alkaline NaC1  produces  no increase  in 
width of the perivitelline space of Arbacia, Asterias, or Chaetopterus eggs, which 
normally do not extrude jelly at the time of insemination. 
If we accept Novikoff's observations, we are unable to account for the mech- 
anism of membrane removal by alkaline sodium chloride.  A reconsideration 
of the question of the location of the plasma membrane in relation to the jelly 
precursor granules is therefore essential. 
Evider~e  from Centrifuging 
An experimental test of the relation of the jelly precursor granules to the 
plasma membrane is provided by centrifuging the unfertilized Nereis egg with 
sufficient force to displace these granules.  If the granules form an integral 
stratum of the centrifuged egg, they are intraovular.  If they occupy a region 
separated from the main body of the protoplasm by a membrane boundary (as 
do the test ceils of the centrifuged Styela egg), they are extraovular.  Since 
the jelly precursor granules disappear from the egg cortex following fertiliza- 
tion, to give rise to the jelly lying external to the vitelline membrane, a com- 
parison of eggs centrifuged before and after jelly extrusion will identify with 
certainty those granules in the centrifuged unfertilized egg.  As described by 
Costello (1940),  if unfertilized eggs are centrifuged for 60 minutes at66,000 
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the egg, no trace of an alveolar arrangement remaining (Fig. 3).  This is the 
stratum  of small  granules which  contains  the vortex of neutral red-staining 
granules  (Fig.  3 C  and  Fig.  4 A).  In  eggs  centrifuged 25  minutes  after in- 
semination, this stratum is lacking, and the erythrophilous granules no longer 
form a  vortex, but accumulate in a  narrow layer at  the extreme centrifugal 
pole (Fig. 4 B, C, D!.  The second hyaline zone, which lies between the yolk 
stratum  and  the  neutral red-staining  granules,  is  considerably wider in  the 
FIG. 3.  Unfertilized egg of Nerds limbata centrifuged for 60 minutes at 66,000 times 
gravity.  Sketched  about  5 minutes  after centrifuging.  O,  centripetal zone  of oil 
droplets; HI, upper hyaline zone; F, zone of fine granules which stain with neutral red; 
_A  r, germinal  vesicle  (oocyte nucleus);  N ~, nucleolus;  VS,  vacuolar space  (cytolysis 
vacuole)  where vitelline  membrane has pulled  away from protoplasmic surface;  M, 
vitelline membrane; Y, zone of yolk spheres; H 2, second hyaline zone; C, zone of cor- 
tical granules;  V, vortex of erythrophilous granules. 
fertilized egg (Fig. 4 B, C, D).  The jelly precursor granules of the centrifuged 
unfertilized egg  (Fig.  3,  stratum  C,  or  Fig.  4 A)  are  entirely lacking in  the 
centrifuged fertilized egg (Fig. 4 B, C, D).  The dark-field photomicrographs 
of the centrifuged fertilized eggs (Fig. 4 C, D) show clearly the finely granular 
material of the lower half of the hyaline zone which is practically invisible by 
bright-field illumination.  The refractile, lipid-like appearance of the centrif- 
ugal zone of erythrophilous granules is also indicated.  Unfortunately, we have 
no  adequate  criterion  for  identifying  the  mitochondrial  layer  of  these  cen- 
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An  examination  of  the  centrifuged  unfertilized  egg  (Fig.  3  and  Fig.  4A) 
makes it clear that the stratum of the cortical granules with the  contained vor- 
tex of erythrophilous granules  is actually an integral part of the protoplasm. 
FIG. 4.  Photomicrographs of: A, unfertilized egg centrifuged 7 minutes at 140,000 
times gravity, photographed 4 minutes after centrifuging.  The unfertilized egg has 
two centrifugally driven nucleoli in its  nucleus, a very unusual  condition.  B, Eggs 
centrifuged 5 minutes at 140,000 times gravity, 64 minutes after insemination, photo- 
graphed 5 minutes after centrifuging.  Note that there is a wide second hyaline zone 
just above the centrifugal zone of erythrophilous granules in the fertilized egg.  The 
jelly precursor granules occupy this stratum of the centrifuged unfertilized egg, with 
the included erythrophilous granules in a vortex.  C and D, same as B, but by dark- 
field illumination.  ×  250. 
Therefore,  these granules must have been intraovular before,  as well as after, 
centrifuging.  Raven  (1938),  using  the  eggs  of Nerds  dumerilii,  describes  a 
centrifugal  zone  of  cortical  material  which  stains  brick  red  with brilliant 
kresylviolett  in  less  completely  stratified  unfertilized  eggs.  He  states that 
this  zone is missing in centrifuged fertilized  eggs,  in  which he  identifies  only D.  P.  COS~LLO  357 
three zones.  Presumably the neutral red--staining  granules  are  sedimented 
only at higher forces than those used by Raven. 
The fact that the vitelline membrane may separate from the protoplasmic 
surface  to produce a vacuolar space (Fig. 3) at the neck of the  "dumb-bell" 
under the influence of prolonged but relatively low centrifugal forces is further 
evidence  that the two membranes (vitelline  and plasma) are normally in in- 
timate contact.  Such vacuolar spaces  are large  and asymmetrical in more 
strongly centrifuged eggs.  The unfertilized eggs do not pinch in two across 
the neck of this dumb-bell, despite the fact that the length of the egg cylinder 
is more than three times its diameter.  This must indicate that the laws of 
surface  tension for fluid cylinders as used by Harvey (1931) are inapplicable 
here.  Centrifuged eggs showing such vacuolar spaces are not activated, and 
will  show  a  cortical  response  to  spermatozoa  when  inseminated  (Costello, 
1940).  The asymmetry of this cortical response  (jelly extrusion)  in the cen- 
trifuged egg will be described in a later paper. 
It is probable  that the vacuolar space in the centrifuged eggs is not filled 
with jelly or perivitelline  colloid, since upon standing after centrifuging, the 
"dumb-bells"  tend to return to a more spherical form, with marked decrease 
in the volume of the vacuolar space.  When tested in a Chinese ink suspension, 
there is no jelly extruded through the vitelline membrane until the egg is in- 
seminated.  Thus the decrease in volume of the space must be due merely to 
loss of water and salts to which the vitelline membrane is permeable.  Eggs 
deformed to  the  dumb-bell  shape  by centrifuging never  fully regain  their 
original shape, but remain as oblate spheroids. 
These vacuolar spaces of centrifuged eggs bear a superficial resemblance to 
the clear  "cytolysis vacuoles" which  are often seen on the surface  of non- 
centrifuged eggs and result from local injury.  These cytolysis vacuoles repre- 
sent areas of the cortex where the jelly precursor granules have broken down to 
secrete their colloidal materials between the plasma membrane and the vitel- 
line membrane.  If the cytolysis due to the local injury has extended beyond 
the  cortical  layer of jelly precursor  granules,  the  "cytolysis vacuole" may 
contain the  granular  debris  of disintegrated yolk spheres.  Cytolysis with 
yolk  granule  breakdown  involves  a  considerable  intake  of water,  and  the 
vacuole may form as a large blister at the egg surface.  Cytolysis vacuoles are 
the result of localized pressure  injury, and the released  jelly usually fails to 
pass through the vitelline membrane, as shown by testing with Chinese ink. 
Evidence from Experimental Membrane Elevation 
A second experimental test of the relation of the perivitelline space  to the 
plasma membrane is provided by applying the alkaline sodium chloride mem- 
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unfertilized and fertilized Nerds eggs.  The details of the technique are given 
by Costello (1945). 
The vitelline membrane of the Nereis egg, which appears as a  single mem- 
brane, can be shown experimentally to consist of two parts--a thin outer layer 
and a  thick inner layer.  Upon treatment with alkaline sodium chloride (pH 
10.3-10.5),  these layers, under some circumstances, may be separately elevated 
from  the protoplasmic  surface  of unfertilized eggs  (Fig.  2 A-E).  The  ease 
with which the separation of the two components of the double membrane is 
accomplished differs for different lots of eggs.  Frequently the two layers are 
simultaneously elevated  as  one membrane  and  may or may not  later  split 
apart.  The fact that tile fertilized egg may develop normally (Costello, 1945) 
after both portions of this double membrane are lifted (Fig. 7 E) or removed is 
evidence that there is a plasma membrane remaining. 
The first stage of membrane elevation of unfertilized eggs in alkaline sodium 
chloride is characterized by a crenation of the protoplasmic surface under the 
vitelline membrane.  This is undoubtedly due to many points of attachment 
between the protoplasmic surface and vitelline membrane.  Later the proto- 
plasmic surface smooths off and becomes evenly contoured (Fig. 2 A, 7 A, B, 
D).  As these coarse elevations retract to the protoplasmic surface, they may 
leave  behind fine, practically invisible  filaments traversing  the perivitelline 
space.  These fine filaments disappear also as the perivitelline space widens. 
Fig. 2 illustrates the sequence of events following treatment of the egg with 
alkaline sodium chloride after the  initial crenation has disappeared.  In an 
abundant quantity of alkaline sodium chloride, the entire process of denuding 
the egg occupies only about 15 to 20 minutes.  In the egg sketched, the germinal 
vesicle disappeared during the course of the treatment (Fig. 2 B).  This is a 
sign of parthenogenetic activation.  The cause of membrane elevation is  as 
follows:  (a) The membrane is either rendered impermeable to the jelly by the 
alkaline sodium chloride, or the jelly molecules are changed in size  or other 
properties  so  that  they can  no  longer pass  through  the  membrane.  (b)  A 
jelly precursor beneath the vitelline membrane is caused to swell (i.e., is ac- 
tivated) by the alkaline sodium chloride, thus elevating the membrane by the 
accumulation of  the  swelling jelly in  the  perivitelline  space  (Fig.  2 A,  B). 
When double membranes are visible (Fig. 2 A, B, D, E), this may be due either 
to a material which swells between the two layers of the vitelline membrane, or 
to the fact that the innermost layer of the membrane is permeable to the jelly. 
The latter is more probable. 
The proof that membrane elevation is caused by swelling of the jelly is: 
(a) Pressure with micro needles on the partially elevated membrane produces 
distortion of the egg protoplasm.  (b) Upon rupture of the membrane by con- 
tinued swelling, the presence of jelly around the emerging egg and within the 
membrane may be demonstrated by Chinese or India ink (Fig. 2 B, C, D) and ~3 A.I.  10A.I.  12A.I.  14  A.I.  16 A.I.  18 A.I. 
FIG. 5.  Nerc/s egg placed in alkaline NaC1 (pH 10.5) 5 minutes after insemination, 
and sketched (with camera lucida)  at 2 minute intervals beginning 8 minutes after in- 
semination (A. I.).  Note exaggerated sperm entrance cone and points of attachment 
of plasma membrane to vitelline membrane (8 A. I.); smoothing off of egg surface 
(10-12  A. I.); indentation of elevating vitelline membrane by head of sperm (10-14 
A. I.); increasing width of perivitelline space due to accumulation of jelly therein; 
penetration of sperm head through membrane (16 A. I.); fusion of sperm head with 
egg surface (18 A. I.). 
o  c 
V 
FIG. 6.  Nerc/s egg placed in alkaline NaC1 5 minutes after insemination, and egg 
outlines  redrawn  from photomicrographs taken  at  intervals.  A,  2  minutes  after 
treatment with alkaline NaC1; B, 6 minutes later; C, 2 minutes later; D, 18 minutes 
later; E, 27 minutes later; F, 2 minutes later. 
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by manipulation with micro needles.  Chinese ink is stable in sea water as well 
as in the a~aline solution, whereas India ink maintains  its finely suspended 
state only in alkaline NaC1.  (c)  The jelly is absent from the outside of the 
membrane as long as the membrane is intact (Fig. 2 A).  (d) Elevated mem- 
branes may be collapsed back against  the egg surface by concentrated gum 
arabic solutions in sea water (Fig. 7 C, F), or by 2 per cent egg albumen in sea 
water, but not readily by hypertonic salt solutions.  This indicates that the 
vitelline membrane after treatment with alkaline NaC1 is permeable to water 
and relatively permeable to salts, but not to the perivitelline colloid or to the 
gum arabic or albumen.  To produce this membrane collapse, the concentra- 
tion of the external colloid must be sufficiently great to provide an osmotic 
pressure exceeding that of the pefivitelline colloid.  However, this experiment 
demonstrates only that theperivitelline material is a colloid, not that it is a gel. 
When the egg is placed in these solutions which exert colloidal osmotic pres- 
sure, the membrane does not contract smoothly against  the egg surface, but 
wrinkles and forms folds, without any particular pattern.  In this respect it 
resembles a cellophane bag from which the contents have been removed, rather 
than a  rubber balloon from which the air has been released.  This indicates 
that the membrane had been stretched beyond its limits of elasticity, and that 
there has been a  molecular reorientation during the distention.  The partial 
closure of the empty membrane after release of the ovum (Fig. 2 E, Fig. 6 F) 
indicates,  however, that  a  small amount of residual elasticity remains  after 
the membrane has been distended to the breaking point.  Chambers  (1942) 
describes the fertilization membrane of the Arbada  egg as being non-elastic 
below the dimensions it possesses at any period during its normal expansive 
growth.  The vitelline membrane of the egg of Nerds  may be described as 
being relatively inelastic below the dimensions it assumes during its distention 
in alkaline sodium chloride.  Under normal conditions, in the absence of treat- 
ment with  alkaline  NaC1,  the vitelline membrane is  permeable to  the  jelly 
which is extruded through it following insemination.  (e) If eggs are placed in 
alkaline sodium chloride at varying times after insemination, the width of the 
perivitelline space produced is inversely proportional to the amount of jelly 
already extruded.  That is, if the eggs are treated 5 or 10 minutes after in- 
semination (Figs. 5 and 6), the membranes elevate and rupture, liberating the 
eggs;  whereas  at  30,  40,  or  50  minutes  after  insemination,  the  membranes 
elevate only a little, and do not rupture to free the eggs.  When the fertilized 
eggs are introduced into alkaline sodium chloride shortly after insemination, 
the initial visible effect is a  marked crenation just under the vitelline mem- 
brane  (Figs. 5,  6 A).  This crenation is somewhat more marked than in the 
case of the unfertilized egg, and persists longer.  Points of attachment between 
the protoplasmic egg surface and the vitelline membrane must therefore still 
exist.  The perivitelline space at this time (5 to 10 minutes after insemination), D,  P.  COSTELLO  361 
when the egg is introduced into alkaline NaCI, therefore must be incomplete, 
and traversed by the connecting filaments.  When the jelly is prevented from 
leaving the perivitelline space by the alkaline NaC1 treatment, it swells  there, 
and  the connecting filaments which produce the points of the crenations are 
gradually broken  (Fig.  5,  8 A.I.-10 A.I.,  Fig.  6 A),  to give a  smooth surface 
to the protoplasm below the perivitelline space, just as in the unfertilized egg. 
The only filament remaining is  the sperm entrance cone filament, which be- 
comes  greatly  stretched  (Fig.  5,  10  A.I.-14  A.I.)  as  the  perivitelline space 
widens. 
Novikoff postulates  an  enormous  stretching  of  the  plasma  membrane  to 
form the protoplasmic strands.  There is an alternative view that the proto- 
plasmic strands are composed of some "cement substance" which attaches the 
plasma  membrane  to  the  vitelline  membrane.  This  substance  might  also 
form the material of the sperm entrance cone.  There appears to be, at present, 
no adequate basis for deciding between these two alternatives.  If the plasma 
membrane itself is stretched to more than three times its normal surface area, 
one might expect a drastic alteration in permeability during the initial stages of 
egg activation.  Just  (1928)  records that during the first 25 minutes after in- 
semination, the Nerds egg is most susceptible to extreme hypotony. 
In  the  light  of  the  evidence  presented,  Lillie  is  undoubtedly  correct in 
stating that the jelly precursor granules of the unfertilized egg are intraovular, 
but incorrect in stating that the perivitelline space of the fertilized egg is also 
intraovular.  Chambers'  suggestion  that  the  jelly precursor granules  of  the 
unfertilized egg are extraovular is not tenable.  Novikoff's view that the jelly 
precursor  granules  are  intraovular  and  that  the  material  of  these granules 
must pass through the plasma membrane which then retracts from the vitel- 
line membrane, leaving the perivitelline space between the two, is in agreement 
with my interpretation. 
It is important to emphasize the fact that there are no visible pores in the 
vitelline membrane through which the jelly is normally extruded on activation 
of the Nereis egg (Just,  1928).  If the jelly prcursor granules are intraovular, 
activation of the Nerds egg must result in the release from the jelly precursor 
granules of micellae which can pass through both the plasma membrane and 
the vitelline membrane.  Swelling (or polymerization) of these molecules may 
begin between the plasma membrane and  the vitelline membrane, with con- 
comitant  intake  of  water,  to  elevate  the  vitelline  membrane  sufficiently to 
produce the perivitelline space, but the great majority of these molecules or 
micellae, in normal fertilization, apparently are able to pass out through the 
vitelline membrane before they swell to produce the thick external jelly layer. 
It  seems  reasonable  to  assume  that  swelling  of  the  released  jelly precursor 
molecules is conditioned by the presence of calcium and hydroxyl ions in the 
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FIG. 7 A.  Photomicrograph of uninseminated 2Vereis eggs placed in alkaline sodium 
chloride with  Chinese  ink  and  photographed  5  minutes  later.  Note  that  no  jelly 
has  exuded  through  the  vitelline membrane,  which is  now separated  from  the  egg 
surface by a perivitelline space.  The central clearer region of the egg marks the ger- 
minal vesicle. 
FIG.  7 B.  Photomicrograph  of  uninseminated  egg treated  in  same  manner  as  in 
Fig. 7 A, photographed after 13 minutes in alkaline sodium chloride. 
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chloride is as effective an agent for producing membrane elevation as is alka- 
line sodium chloride.  In terms of the experimental membrane elevation this 
may mean that the jelly precursor molecules must pass through the membrane 
before swelling or they cannot pass through at all.  This, then, is in harmony 
with the simpler of the two above suggested explanations of the effect of alka- 
line NaC1; i.e., an effect of the hydroxyl ions on the jelly rather than on the 
membrane.  This effect on the jelly is the explanation preferred by Redfield 
and Bright (1921) for the exaggerated membrane elevation produced in Nereis 
eggs by radiations.  This explanation replaced their earlier view (1918)  that 
radiations  produce an  abnormally thick fertilization membrane  (swelling of 
the membrane due to intake of water) on the Nerds egg. 
Since the evidence upon which the above conclusions are based depends upon 
the behavior of the jelly, a section is appended on the nature of this  interest- 
ing material. 
The Nature of the Jelly 
LiUie (1911,  1912)  stated that the vitelline membrane of the egg of  Nereis 
is  permeable  to  both  colloids and  crystalloids.  Just  (1928)  statds  that  no 
satisfactory hypothesis has  ever been presented  to  explain  how  the  jelly is 
able to pass through the vitelline membrane.  It has been pointed out above 
that if the jelly precursor micellae are intraovular they must pass through- not 
only the vitelline membrane but also the plasma membrane.  The assumption 
that the plasma membrane is permeable to the jelly precursor molecules and 
impermeable to ordinary salts is difficult to.accept on the basis of a pore theory, 
since  non-hydrated  jelly molecules  (whether  of  the  mucoprotein or  carbo- 
hydrate type of jelly) would presumably be of greater molecular volume than 
FIG.  7 C.  Photomicrograph of uninseminated  Nereis  egg left in alkaline  sodium 
chloride for 26 minutes (until membrane was elevated to a distance intermediate be- 
tween that of Figs. 7 B and D), then transferred to a concentrated solution of gum 
arabic, and photographed 5 minutes after transfer.  Note that the perivitdline space 
has disappeared  and that the vitelline membrane has collapsed in wrinkles against the 
egg surface. 
FIG.  7 D.  Photomicrograph of  uninseminated  Nereis  egg  treated  with  alkaline 
sodium chloride plus Chinese ink for 47 minutes. 
FIG. 7/L  Photomicrograph of Nere/s egg treated 4 minutes after insemination with 
alkaline  sodium chloride which was neutralized in acid sodium  chloride  46  minutes 
later.  The egg was then permitted to develop in sea water, and photographed 108 
minutes after insemination,  at the 4-ceU stage.  Note polar bodies on micromere and 
normal arrangement of blastomeres. 
FI¢.  7 F.  Photomicrograph.  History same  as that of Fig.  7 E  except placed  in 
gum arabic  143 minutes after insemination,  and photographed (at 8-cell stage)  14 
minutes later.  The membrane is partially collapsed and wrinkled.  ×  150. 364  MEMBRANES AND JELLY OF N'ER.EIS EGG 
salt molecules.  This difficulty  might not exist if it were a question of partition 
coefficients rather than pores.  The properties of the jelly substance are there- 
fore of paramount importance. 
To ascertain the nature of the Nereis  egg jelly Dr.  John Ferry  (personal 
communication, 1939) performed a  series of preliminary analyses on the ex- 
ternal jelly collected from the fertilized eggs of five Nereis females.  He found 
that it contains less than I per cent nitrogen, and suggests that a more accurate 
analysis of a carefully purified sample might show it to be nitrogen-free.  It is 
at least 75 per cent carbohydrate (estimated by the Tillmans-Philippi method, 
and corrected for ash), and contains uronic acid.  The evidence suggests that 
it is a uronic acid polymer, occurring as the calcium (and perhaps magnesium) 
salt.  Prolonged dialysis at neutral reactions failed to remove the inorganic 
material, giving a  product with an ash content of 57 per cent.  Subsequent 
electrodialysis reduced the ash content to 13 per cent, leaving the pH about 5.0. 
If the latter ash represented calcium oxide which was stoichiometrically com- 
bined, this would lead to an equivalent weight of about 190, which is about that 
of uronic  acid.  There  was  insufficient material  to  confirm  the  hypothesis 
that there'is one calcium ion combined with each pair of uronic acid residues. 
The jelly is precipitated in fibrous form by barium ions at alkaline reactions, 
but not at neutrality.  The jelly from the eggs of the five females contained 
only about 17 rag. of ash-free substance. 
Costello and Lavin (1943) pointed out that the jelly layer of the fertilized 
Nereis egg absorbs a negligible amount of ultraviolet light of wave length 2537 
as compared with the absorption by the yolk spheres.  In the centrifuged 
unfertilized eggs the zone of cortical granules absorbs very much less  ultra- 
violet light of this wave length than does the zone of yolk spheres.  The wave 
length 2537/k is the region of maximum absorption for typical proteins and 
nucleic acids.  According to Spek  (1934)  the yolk spheres are albuminoid in 
composition. 
According to Tyler (1942) the nitrogen content of Arbacia egg jelly is about 
5 per cent.  Tyler states that this is rather low for a simple protein and since 
there is evidence for the presence of polysaccharide, it might be a glycoprotein. 
Ferry (1939) studied the properties of two other animal jellies--one surround- 
ing the eggs of Arenicola cristata, the other from fresh adults of Mnemiopsis 
leidyi.  The Arenicola egg jelly was shown to be a polysaccharide containing 
uronic acid, while the Mnemiopsis  jelly was a mucoprotein containing 12 per 
cent nitrogen.  Nereis egg jelly is apparently similar to the Arenicola egg jelly. 
SUMMARY 
1.  The problem of the relation of the plasma membrane to the extraneous 
coats and cortex of the Nereis egg is discussed in the light of the observations 
of Lillie, Chambers, and Novikoff. D.  P. COSTELLO  365 
2.  Evidence obtained from experiments with the centrifuge, and by treating 
eggs with  alkaline  sodium chloride, indicates that  the plasma  membrane of 
the unfertilized egg is external to the jelly precursor granules of the cortex. 
3.  Experiments with alkaline sodium chloride indicate that the periviteUine 
space of the fertilized egg is extraovular after jelly extrusion is complete. 
4.  The cortical behavior (membrane elevation) of the Nereis egg in alkaline 
sodium chloride and the cortical response (jelly extrusion) following activation 
of the egg in normal fertilization or parthenogenesis are attributed largely to 
the properties of the jelly, and presumably, to its reactions with calcium and 
hydroxyl ions. 
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